Since *Mycoplasma genitalium* was first isolated from men with nongonococcal urethritis in 1981, this bacterium has been recognized as a possible pathogen of the genitourinary tract ([@R1]). During the first decade after its discovery, its fastidious nature and slow growth rate complicated research into its clinical significance. Its association with nongonococcal urethritis in men was not established until the mid-1990s ([@R2],[@R3]), when molecular testing in research settings had become available. Now *M. genitalium* is widely recognized as a frequent cause of male urethritis ([@R4],[@R5]), a likely cause of cervicitis and pelvic inflammatory disease in women ([@R6]), and a possible cause of several other genitourinary syndromes ([@R4]--[@R7]).

The commonly used treatment for *M.* *genitalium* infections is azithromycin, either in a single dose of 1,000 mg or as a 5-day regimen (500 mg on the first day, followed by 250 mg on the subsequent 4 days). During the past decade, azithromycin treatment failure has been reported with increasing frequency ([@R8]). Clinical cure rates reported before 2008 were generally \>80% ([@R9]--[@R11]) but more recently have dropped to as low as 54% ([@R12],[@R13]). A single dose of azithromycin is the preferred treatment for nongonococcal urethritis in many countries, including Australia ([@R14]), the Netherlands ([@R15]), the United States ([@R16]), and the United Kingdom ([@R17]). Moreover, *Chlamydia trachomatis* infections are also commonly treated with a single dose of azithromycin, often without excluding co-infection with *M. genitalium* ([@R14]--[@R17]). However, it has been suggested that the single-dose regimen of azithromycin is actually facilitating the development of macrolide resistance ([@R18],[@R19]).

In the Netherlands, routine testing for *M. genitalium* is not included in national sexually transmitted disease (STD) screening protocols ([@R15],[@R20],[@R21]). In a recent revision of the national protocol, screening for *M. genitalium* infections in men with nongonococcal urethritis is mentioned but not explicitly advised ([@R22]). The protocol states that the treatment of choice for symptomatic men and their partners is azithromycin for 5 days or moxifloxacin for 7--10 days. Follow-up is not mentioned ([@R22]). Most local hospital-based guidelines advise azithromycin in a 5-day regimen only; some advise a test of cure. Detection of macrolide resistance--mediating mutations (MRMMs) has, so far, not been included as part of the diagnostic work-up.

To document the occurrence and frequency of MRMMs, we conducted a retrospective study in the Netherlands during April 2014--December 2017. We tested samples that were positive for *M. genitalium* during the study period for MRMMs by using a molecular diagnostic approach.

Material and Methods
====================

Sampling
--------

The Laboratory of Medical Microbiology of the Canisius-Wilhelmina Hospital in Nijmegen, the Netherlands, is the primary diagnostic laboratory for the hospital itself, other care institutions, and general practitioners in the area. All samples referred to this laboratory for STD diagnostics starting in April 2014 were tested for *M. genitalium*, and samples that were positive were stored at −80°C. The study was approved by the Canisius-Wilhelmina Hospital Institution Review Board. Because patient identities were anonymous, written informed consent of participants was not required.

DNA Extraction
--------------

We collected *M. genitalium*--positive samples (determined by routine diagnostic in-house quantitative PCR \[qPCR\]) from the −80°C storage. After thawing the samples, we homogenized them by short vortexing and subsequently mixed a 200-μL sample with 20 μL internal control (phocine herpes virus \[PhHV\]) into a 96--deep well plate and extracted nucleic acids by using the MagNA Pure 96 automatic platform (Roche, <http://www.roche.com>). Nucleic acids eluates were directly subjected to molecular testing and stored at −20°C until further use.

Detection of STDs
-----------------

We again subjected all samples to the same routine diagnostic in-house qPCR that simultaneously detects *Trichomonas vaginalis*, *M. genitalium*, and the internal extraction and amplification control PhHV. The qPCR mixture consisted of 2 μL primers and probes MgeFwd (5′-GAGAAATACCTTGATGGTCAGCAA-3′, 5 pmol/μL), MgeRvd (5′-GTTAATATCATATAAAGCTCTACCGTTGTTATC-3′, 5 pmol/μL), MgeProbe (5′-FAM-ACTTTGCAATCAGAAGGT-MGB-3′, 2 pmol/μL), TvaFwd (5′-CCTCAGTTCGCAAAGGC-3′, 5 pmol/μL), TvaRvd (5′-TTCAGCGACCATTCCCA-3′, 5 pmol/μL), TvaProbe (5′-HEX-CATTGACGCACTCATGACGAACGA-BHQ1-3′, 2 pmol/μL), PhHVFwd (5′-GGGCGAATCACAGATTGAATC-3′, 5 pmol/μL), PhHVRvd (5′-GCGGTTCCAAACGTACCAA-3′, 5 pmol/μL), and PhHVProbe (5′-Cy5-TTTTTATGTGTCCGCCACCATCTGGATC-BHQ2-3′, 2 pmol/μL) ([@R23]); 10 μL 2× Fast Advanced Master Mix (Applied Biosystems, <https://www.thermofisher.com>); and 8 μL DNA sample. The qPCR reaction was conducted in a LightCycler 480-II (Roche Diagnostics) with the following protocol: UNG (uracil-*N*-glycosylase) treatment for 2 min at 50°C, 10 min polymerase activation at 96°C, 45 cycles of denaturation for 5 s at 96°C and 12 s at 60°C (fluorescence measurement), and a final cooling step for 30 s at 40°C. We included a negative extraction control, a negative template control, and a positive template control.

Detection of *M. genitalium* and MRMMs
--------------------------------------

The TVMGres qPCR assay developed by NYtor (https://www.nytor) is a multiplex qPCR assay that detects *T. vaginalis* and *M. genitalium* and includes the internal control PhHV. The assay simultaneously detects the single-nucleotide polymorphisms A2058C, A2058G, A2058T, and A2059G in the 23S ribosomal RNA--encoding region of *M. genitalium,* which together account for \>95% of the cases of azithromycin resistance ([@R24]). We added 5 μL of the nucleic acids extract to 15-μL reaction mix that contained qPCR master mix and the primer/probe mix from the TVMGres qPCR assay. We performed the qPCR reactions on a LightCycler 480-II instrument (Roche Diagnostics) using a reaction protocol consisting of a polymerase activation step of 3 min at 95°C, followed by 45 cycles of 15 s at 95°C and 1 min at 60°C. Detection was done by measuring the fluorescence signals of FAM (for *T. vaginalis*), CAL Fluor Orange 560 (for *M. genitalium* mutations), CAL Fluor Red 610 (for *M. genitalium* detection), and TYE665 (for internal control) (<https://eu.idtdna.com> for all dyes). We considered a sample to be valid if an amplification curve for any of the pathogen targets or the internal control was present.

We defined wild-type *M. genitalium* as that in a sample that was positive for *M. genitalium* without the presence of a positive MRMM signal. We defined resistant *M. genitalium* as that in a sample positive for both *M. genitalium* and MRMMs.

Statistical Analyses
--------------------

We collected data in Microsoft Excel (Microsoft, <https://www.microsoft.com>) and used Microsoft Office Excel and SPSS (IBM, <https://www.ibm.com>) for analysis. We calculated p values in SPSS by using the χ^2^ test and 2-sample *t*-test.

Results
=======

We tested 28,408 samples from 20,537 patients for the presence of STD organisms. Most (n = 25,132; 88.5%) samples were provided by general practitioners, 3,087 (10.9%) by hospitals, and 189 (0.7%) from other and unknown locations. *M. genitalium* was detected in 1,146 (4.0%) samples from 879 patients (4.3%). For 7 patients, multiple samples that were collected on the same day were positive; for each of these patients, we included only 1 of these samples, which left 1,139 samples, 936 of which were available for further testing. The remaining 203 samples were either not stored or were of inadequate volume for further analysis. We found no statistically significant differences between available and unavailable samples ([Table](#T1){ref-type="table"}).

###### Characteristics of samples available and unavailable for further testing in study of macrolide-resistant *Mycoplasma genitalium* in southeastern region of the Netherlands, 2014--2017\*

  Characteristic                               Available samples, % (n = 936)   Unavailable samples, % (n = 203)   p value
  -------------------------------------------- -------------------------------- ---------------------------------- ---------
  Patient sex                                                                                                      
  F                                            67.3                             69.5                               0.546
  M                                            32.7                             30.5                               
  Proportion sent in by general practitioner   92.2                             90.2                               0.343
  Proportion test of cure                      7.3                              8.9                                0.357

\*Average ages: patients for whom samples were available, 29.8 ± 9.3 y; patients for whom samples were not available, 30.9 ± 9.5 y; p = 0.118.

A total of 23 samples were negative for *M. genitalium* by the routine diagnostic in-house qPCR and the TVMGres qPCR assay. We excluded these samples from our study, together with 18 samples repeatedly showing incongruous results (i.e., in-house qPCR result not matching the TVMGres qPCR result). We also excluded another sample that repeatedly had an inhibited internal control in the TVMGres qPCR assay because of a concurrent *T. vaginalis* infection. We provide an overview of all included and excluded samples ([Figure 1](#F1){ref-type="fig"}).

![Characteristics of all samples received during study of macrolide-resistant *Mycoplasma genitalium* in southeastern region of the Netherlands, 2014--2017. qPCR, quantitative PCR.](18-1556-F1){#F1}

Characteristics of the Study Population
---------------------------------------

Of the 28,408 samples that were tested for *M. genitalium* during the study period, 19,393 (68.3%) originated from female patients and 9,015 (31.7%) from male patients (2.2:1 ratio). The percentages of *M. genitalium* positivity were similar for male (4.1%) and female (4.0%) patients.

Average age at the time of testing was 32.0 years; female patients (average 31.3 years of age) were younger than male patients (average 33.6 years of age). The average age of *M. genitalium*--positive male patients (33.1 years) was slightly lower than that of *M. genitalium*--negative male patients (33.6 years; p = 0.36). *M. genitalium*--positive female patients were 2.8 years younger than *M. genitalium*--negative female patients (28.5 vs. 31.3 years; p\<0.001).

Epidemiology
------------

A total of 894 samples had positive results for *M. genitalium* when tested by the routine diagnostic in-house qPCR and by the TVMGres qPCR assay. Of these, 67 (7.5%) samples were collected within 6 weeks of a previous positive *M. genitalium* result. These retests were considered positive results for tests of cure, which were analyzed separately. Of the remaining 827 samples, 281 (34.0%) were *M. genitalium* MRMM--positive by qPCR. The frequency of MRMMs almost doubled from 22.7% (27/119) in 2014 and 22.3% (47/211) in 2015 to 44.4% (92/207) in 2016, then decreased to 39.7% (115/290) in 2017 ([Figure 2](#F2){ref-type="fig"}).

![Proportion of *Mycoplasma genitalium*--positive samples containing MRMMs in study of macrolide-resistant *M. genitalium* in southeastern region of the Netherlands, 2014--2017. Percentages of *M. genitalium*--positive samples that are either wild-type or positive for MRMMs are based on quantitative PCR. MRMM, macrolide resistance--mediating mutation; Q, quarter.](18-1556-F2){#F2}

Tests of Cure
-------------

Samples taken from a patient within 6 weeks of an *M. genitalium*--positive sample were defined as test-of-cure samples. During the study period, we collected 214 samples for test of cure, most (163; 76.2%) from the second half of 2016 on. Of the 214 samples, 86 (40.2%) were *M. genitalium* positive; of these, 67 (77.9%) were available for further testing. Only 7 (10.4%) samples were found to contain wild-type *M. genitalium* ([Figures 3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}).

![Characteristics of test-of-cure samples in study of macrolide-resistant *Mycoplasma genitalium* in southeastern region of the Netherlands, 2014--2017. Positive results indicate presence of *M. genitalium*; negative results indicate no *M. genitalium*. Q, quarter.](18-1556-F3){#F3}

![Identification and test results for test-of-cure samples in study of macrolide-resistant *Mycoplasma genitalium* in southeastern region of the Netherlands, 2014--2017. Positive results indicate presence of *M. genitalium*; negative results indicate no *M. genitalium*. MRMM, macrolide resistance--mediating mutation.](18-1556-F4){#F4}

For 57 positive test-of-cure samples, both the initial sample and the test(s)-of-cure samples were available. In most instances, both samples were positive for MRMMs (45/57; 78.9%).

Seven patients who were originally infected with a wild-type strain had resistant *M. genitalium* in the test-of-cure sample. For 1 patient, the initial sample was positive for MRMMs but the test-of-cure sample, collected 41 days later, contained wild-type *M. genitalium*. For the remaining 4 patients, both the initial sample and the test-of-cure sample contained wild-type *M. genitalium*.

Discussion
==========

This retrospective epidemiologic study shows that the frequency of MRMMs in *M. genitalium* in the southeastern region of the Netherlands almost doubled from 2014 and 2015 to 2016. After 2016, the frequency of MRMMs gradually decreased through the last quarter of 2017.

High MRMM frequency in *M. genitalium* has been described before ([@R25]--[@R36]) and is thought to be a consequence of using the single-dose azithromycin treatment regimen for *C. trachomatis* infections without excluding the presence of *M. genitalium* nongonococcal urethritis in men, *M. genitalium* infections, or both ([@R18],[@R19]). To our knowledge, the decreasing number of MRMMs observed in *M. genitalium* from our study population in 2017 compared with 2016 has not been described before; however, compared with 2014 and 2015, the MRMM prevalence trend is increasing. During the study period, local protocols for the treatment of the aforementioned conditions were unchanged; however, starting on October 3, 2016, the advice to perform a test of cure 3 weeks after treatment was added in print to every report of a positive *M. genitalium* test result. In the preceding months, the advice was often given on an individual basis. Thus, in the second half of 2016, the number of tests of cure increased sharply ([Figure 3](#F3){ref-type="fig"}). This increased testing may help explain the decrease in MRMM frequency because the 40.2% with a test-of-cure result that was positive for *M. genitalium* would logically have been subsequently treated with a different treatment regimen. However, even in 2017, the year in which most tests of cure were conducted, only about one third of the positive *M. genitalium* samples were followed up by a test of cure. Regardless whether the decreased MRMM frequency resulted from the increased number of tests of cure, the high rate of MRMMs in itself calls for a test of cure after treatment with azithromycin.

Most positive test-of-cure samples (60/67; 89.6%) contained MRMMs. This finding was expected because given that azithromycin is the preferred treatment for *M. genitalium* according to local protocol, macrolide-susceptible strains would have resulted in a negative test-of-cure result. Of note, for 7 patients who were originally infected with a wild type strain, test-of-cure results indicated a resistant *M. genitalium* strain. One patient with a resistant strain turned out to have a wild-type strain 6 weeks later; however, because it is unknown what treatment these patients received and whether they were at risk of acquiring a second *M. genitalium* infection, we cannot comment on the reason. The 4 patients with a persistent wild-type *M. genitalium* infection may have been reinfected, may have had a resistant *M. genitalium* infection that cannot be detected by the qPCR, may have been prescribed a nonmacrolide drug (e.g., doxycycline), or may have neglected to take the prescribed treatment.

A limitation of our study is the number of samples unavailable for further testing, which was 203 (17.8%) of 1,139. The reasons were generally either the sample not being stored or the volume of the stored sample being too low. In the third quarter of 2016, a disproportionately large number of samples (52/83; 62.7%) was lost because of a misunderstanding in storage protocol (i.e., which samples should and should not be stored). Unfortunately, this period coincided with a peak of MRMM frequency (17/31; 54.8%). However, in the fourth quarter of 2016, only 9/81 (11.1%) of samples were lost and MRMM frequency was the same (38/69; 55.1%). Statistically, we found no difference in characteristics of the populations for whom samples were available or unavailable ([Table](#T1){ref-type="table"}).

The question whether asymptomatic persons should be screened for *M. genitalium* can only be answered with more research into the clinical aspects and (long-term) complications of (co-)infection with *M. genitalium*. However, if a single dose of azithromycin indeed predisposes toward the development of MRMMs, *M. genitalium* infection should be excluded before *C. trachomatis* infections are treated with this regimen. In addition, treatment of nongonococcal urethritis should be reevaluated.

In conclusion, high rates (up to 44.4%) of MRMMs in *M. genitalium* were found among patients from the southeastern region of the Netherlands who were screened for STDs during 2014--2017. After a sharp initial increase, MRMM prevalence among *M. genitalium*--positive samples declined from the first quarter of 2017 on. This finding may or may not be a consequence of the increased number of tests of cure performed during the months immediately preceding the decline. However, regardless of the reason for the decline, we believe that the rates of MRMMs in *M. genitalium* call for a recommendation to perform a test of cure after treatment of *M. genitalium* infections.
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